
Appendix A.  Requirements Traceability

This appendix presents the LPS requirements traceability.  The first table
shows the mapping between the lowest level processes in the data flow
diagrams and the LPS software modules.  The second table shows the
mapping between the LPS software modules and the lowest level processes
in the data flow diagrams.
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A.1  Software Requirements to Software
ModuleTraceability

Software
Req No

Software Requirement Name LPS Software Module

1.1 Receive Raw Wideband Data rdc_Main
rdc_ShutDownRDC
rdc_UpdRDCAcct

1.2 Save Raw Wideband Data rdc_Save
rdc_StopSaveRestage

1.3 Restage Raw Wideband Data rdc_RestageCptr
rdc_StopSaveRestage

1.4 Generate Data Receive Summary
Report

rdc_GenDataRcvSumReport

1.5 Delete Raw Wideband Data rdc_DeleteRDCFiles
2.1 Validate RDP Parameters mac_ui_LPSParms
2.2 Synchronize CCSDS Frame rdp_Main

rdp_MainExtractCADU
rdp_MainInit

2.2.1 Perform SCLF Sync rdp_MainExtractCADU
2.2.2 Align Bytes rdp_MainExtractCADU
2.2.3 Deinvert Data rdp_MainExtractCADU
2.2.4 Perform PN Decode rdp_MainExtractCADU
2.3 Process CCSDS Grade 3 rdp_Main

rdp_MainGenerateOutput
rdp_MainInit
rdp_MainShutdown
rdp_MainValidateCADU

2.3.1 Perform CRC Check rdp_MainValidateCADU
2.3.2 Perform RS_EDAC Check rdp_MainValidateCADU
2.3.3 Discard Fill CADUs rdp_MainValidateCADU
2.4 Decode BCH rdp_BCHDecode

rdp_Main
rdp_MainGenerateOutput
rdp_MainInit
rdp_MainShutdown

2.5 Annotate VCID Change rdp_Main
rdp_MainValidateCADU

2.6 Compute BER mac_ui_LPSQA
2.7 Generate Return Link QA Report mac_ui_LPSQA

rdp_BCHDecode
rdp_Main
rdp_MainExtractCADU
rdp_MainInit
rdp_MainValidateCADU

3.1 Validate MFP Parameters mac_IngestIASParms
mac_ui_LPSParms

3.2 Identify VCDUs mfp_MainIdentifyMjfSet
3.3 Extract PCD mfp_MainPcdStatusProc
3.4 Parse Major Frame mfp_MainValidateMjf
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3.4.1 Identify Major Frames mfp_VerifyMjf
3.4.2 Extract Major Frame Time mfp_MainMjfTime
3.4.3 Collect VCDU Quality and

Accounting
mfp_MainColVcduQA

3.4.4 Determine Subintervals mfp_MainDetermineSub
3.5 Generate Band Data mfp_MainBandGen
3.5.1 Deinterleave and Reverse Bands mfp_MainBandGen
3.5.2 Align Bands mfp_AlignBands
3.6 Extract Calibration and MSCD mfp_L0RFilesGen
3.6.1 Create MSCD File mfp_L0RFilesGen
3.6.2 Create Calibration File mfp_L0RFilesGen
3.6.3 Extract MSCD Data mfp_MscdL0rExtract
3.6.4 Extract Calibration Data mfp_CalL0rExtract
3.7 Generate Level 0R QA Report mac_ui_LPSQA
3.8 Collect Quality and Accounting mfp_MainQASubGen
4.1 Validate PCD Parameters mac_IngestIASParms
4.2 Determine PCD Info Word pcd_MainDeterminePcdWor

d
4.2.1 Extract Info Word pcd_MainExtractWords
4.2.2 Determine Majority Info Word pcd_MainPerformMajority

Vote
4.3 Assemble PCD Cycles pcd_MainBuildCycles
4.3.1 Assemble Minor Frames pcd_MainBuildMinorFrame

s
4.3.2 Assemble Major Frames pcd_MainBuildMajorFrames
4.3.3 Build PCD Cycles pcd_MainConstructCycles

pcd_MainCreatePcdFile
4.4 Calculate Scene Info pcd_MainDetermineScenes
4.4.2 Compute Latitude and Longitude pcd_MainComputePosition
4.4.3 Determine WRS Scene Coordinates pcd_MainDetSceneDescripti

on
4.4.4 Compute Horizontal Display Shift pcd_MainDetSceneDescripti

on
4.4.5 Calculate Sun Position pcd_MainDetSceneDescripti

on
4.4.6 Report Scene Info pcd_MainReportScenes
4.6 Create PCD File pcd_MainCreatePcdFile
5.2 Generate Browse File idp_Browse
5.2.1 Reduce Image by Subsamples idp_BrowseSubs
5.2.2 Reduce Image by Wavelets idp_BrowseWave
5.3 Generate Band File idp_Band

idp_BandFillFile
5.4 Perform ACCA idp_ACCA
5.4.1 Collect Scene Data idp_ACCASceneCalc
5.4.2 Generate Cloud Cover Assessment idp_ACCAAssessScene
6.1 Process LPS Directive mac_ui_MainMenu
6.2 Generate Metadata mac_MetaDataGen
6.3 Report LPS Status mac_ui_MainMonitor
6.4 Display or Print LPS Report mac_ui_MainReports
6.5 Modify LPS Configuration mac_ui_LPSConfig

LPS DDS Review A-3 November 1995



6.6 Modify Contact Schedule mac_ui_ContSchedule
6.7 LPS System Control mac_ui_MainControl

mac_ui_MainFileMgt
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6.8 Monitor System Faults mac_ui_MainMonitor
7.1 Generate DAN ldt_SendDAN
7.2 Send DAN ldt_SendDAN
7.3 Receive DTA ldt_RcvDDN
7.4 Transfer Files ldt_CheckTimeouts
7.5 Generate Transfer Summary

Report
ldt_GenFTS

7.6 Delete LPS Files ldt_DeleteFiles
7.7 Retain LPS Files ldt_RetainFiles
7.8 Control Send DAN ldt_RsndSuspDANs

rdc_GenLabel
rdc_TestData
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A.2  Software Module to Software Requirements
Traceability

Software Module Software Requirement
No Name

idp_ACCA 5.4 Perform ACCA
idp_ACCAAssessScene 5.4.2 Generate Cloud Cover Assessment
idp_ACCASceneCalc 5.4.1 Collect Scene Data
idp_Band 5.3  Generate Band File
idp_BandFillFile 5.3  Generate Band File
idp_Browse 5.2  Generate Browse File
idp_BrowseSubs 5.2.1 Reduce Image by Subsamples
idp_BrowseWave 5.2.2 Reduce Image by Wavelets
ldt_CheckTimeouts 7.4  Transfer Files
ldt_DeleteFiles 7.6 Delete LPS Files
ldt_GenFTS 7.5  Generate Transfer Summary Report
ldt_RcvDDN 7.3  Receive DTA
ldt_RetainFiles 7.7 Retain LPS Files
ldt_RsndSuspDANs 7.8  Control Send DAN
ldt_SendDAN 7.1  Generate DAN

7.2  Send DAN
mac_IngestIASParms 3.1 Validate MFP Parameters

4.1 Validate PCD Parameters
mac_MetaDataGen 6.2 Generate Metadata
mac_ui_ContSchedule 6.6 Modify Contact Schedule
mac_ui_LPSConfig 6.5 Modify LPS Configuration
mac_ui_LPSParms 2.1 Validate RDP Parameters

3.1 Validate MFP Parameters
mac_ui_LPSQA 2.6 Compute BER

2.7 Generate Return Link QA Report
3.7 Generate Level 0R QA Report

mac_ui_MainControl 6.7 LPS System Control
mac_ui_MainFileMgt 6.7 LPS System Control
mac_ui_MainMenu 6.1 Process LPS Directive
mac_ui_MainMonitor 6.3 Report LPS Status

6.8 Monitor System Faults
mac_ui_MainReports 6.4 Display or Print LPS Report
mfp_AlignBands 3.5.2 Align Bands
mfp_CalL0rExtract 3.6.4 Extract Calibration Data
mfp_L0RFilesGen 3.6 Extract Calibration and MSCD

3.6.1 Create MSCD File
3.6.2 Create Calibration File

mfp_MainBandGen 3.5  Generate Band Data
3.5.1 Deinterleave and Reverse Bands

mfp_MainColVcduQA 3.4.3 Collect VCDU Quality and 
Accounting

mfp_MainDetermineSub 3.4.4 Determine Subintervals
mfp_MainIdentifyMjfSet 3.2  Identify VCDUs
mfp_MainMjfTime 3.4.2 Extract Major Frame Time
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mfp_MainPcdStatusProc 3.3  Extract PCD

LPS DDS Review A-7 November 1995



mfp_MainQASubGen 3.8  Collect Quality and Accounting
mfp_MainValidateMjf 3.4  Parse Major Frame
mfp_MscdL0rExtract 3.6.3 Extract MSCD Data
mfp_VerifyMjf 3.4.1 Identify Major Frames
pcd_MainBuildCycle 4.3  Assemble PCD Cycles
pcd_MainBuildMajorFrames 4.3.2 Assemble Major Frames
pcd_MainBuildMinorFrames 4.3.1 Assemble Minor Frames
pcd_MainComputePosition 4.4.2 Compute Latitude and Longitude
pcd_MainConstructCycles 4.3.3 Build PCD Cycles
pcd_MainCreatePcdFile 4.3.3 Build PCD Cycles

4.6  Create PCD File
pcd_MainDetSceneDescription 4.4.3 Determine WRS Scene Coordinates

4.4.4 Compute Horizontal Display Shift
4.4.5 Calculate Sun Position

pcd_MainDeterminePcdWord 4.2  Determine PCD Info Word
pcd_MainDetermineScenes 4.4  Calculate Scene Info
pcd_MainExtractWords 4.2.1 Extract Info Word
pcd_MainPerformMajorityVot
e

4.2.2 Determine Majority Info Word

pcd_MainReportScenes 4.4.6 Report Scene Info
rdc_DeleteRDCFiles 1.5 Delete Raw Wideband Data
rdc_GenDataRcvSumReport 1.4 Generate Data Receive Summary 

Report
rdc_GenLabel No Current Requirement
rdc_Main 1.1  Receive Raw Wideband Data
rdc_RestageCptr 1.3 Restage Raw Wideband Data
rdc_Save 1.2 Save Raw Wideband Data
rdc_ShutdownRDC 1.1  Receive Raw Wideband Data
rdc_StopSaveRestage 1.2 Save Raw Wideband Data

1.3 Restage Raw Wideband Data
rdc_TestData No Current Requirement
rdc_UpdRDCAcct 1.1  Receive Raw Wideband Data
rdp_BCHDecode 2.4  Decode BCH

2.7  Generate Return Link QA Report
rdp_Main 2.2  Synchronize CCSDS Frame

2.3  Process CCSDS Grade 3
2.4  Decode BCH
2.5  Annotate VCID Change
2.7  Generate Return Link QA Report

rdp_MainExtractCADU 2.2  Synchronize CCSDS Frame
2.2.1 Perform SCLF Sync
2.2.2 Align Bytes
2.2.3 Deinvert Data
2.2.4 Perform PN Decode
2.7  Generate Return Link QA Report

rdp_MainGenerateOutput 2.3  Process CCSDS Grade 3
2.4  Decode BCH
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rdp_MainInit 2.2  Synchronize CCSDS Frame
2.3  Process CCSDC Grade 3
2.4  Decode BCH
2.7  Generate Return Link QA Report

rdp_MainShutdown 2.3  Process CCSDS Grade 3
2.4  Decode BCH

rdp_MainValidateCADU 2.3  Process CCSDS Grade 3
2.3.1 Perform CRC Check
2.3.2 Perform RS_EDAC Check
2.3.3 Discard Fill CADUs
2.5 Annotate VCID Change
2.7  Generate Return Link QA Report
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Appendix B.  LPS Software Size Estimates

B.1  LPS Estimated Lines of Code
Table D-1 presents delivered source instruction (DSI) estimates for LPS
software based on a preliminary design of seven LPS subsystems into
software modules including the database and global routines.  Except for
the MACS, the software DSI estimates are based on a flat 100 DSI per
module with 50% overhead to account for error handling.  For 28 user
interface modules of the MACS, the estimate is at 75 DSI per module to
account for reduced effort due to the use of the Oracle GUI building tool.
In addition, a minimum of 500 DSIs have been added to each subsystem
for analysis tools and test software.  No software size reduction factor has
been applied at this time to account for the re-use of any software building
blocks available from other projects.  The LPS software estimates will be
reviewed again and refined at the completion of the LPS detailed design
phase.
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Table B-1.  DSI Estimates for LPS Software at Detailed Design

LPS Software
Subsystem

No. of
Structur
e Charts

No. of
Modules

Estimated
DSIs

Raw Data Capture Subsytem
(RDCS)*

14 28 5,700

Raw Data Processing Subsystem
(RDPS)

19 42 6,800

Major Frame Processing Subsystem
(MFPS)

13 56 8,900

Payload Correction Processing
Subsystem (PCDS)

13 52 8,300

Image Data Processing Subsystem
(IDPS)

15 41 6,650

Management and Control
Subsystem (MACS)

18 61 7,550

LPS Data Transfer Subsystem
(LDTS)

6 35 7,700

Database - - 1,300

Global Routines 13 52 8,300

Analysis Tools† - 7 3,500

Test/Diagnostics† - 7 3,500

Total 68,200

*RDCS estimates include 1,000 DSIs for SGI developed drivers.
†A minimum of 500 DSIs each are assumed for database, analysis tools, and
test/diagnostic software for each LPS subsystem.

LPS DDS Review                                           B-2
October 20, 1995



Appendix C.  Acronym List

ACCA Automatic Cloud Cover Assessment

ADP Attitude Data Points

Ao Operational Availability

ANSI American National Standards Institute

AOS Advanced Orbiting Systems

API Applications Programming Interface

BCH Bose-Chaudhuri-Hocquenghem (error detection and
correction scheme)

BER Bit Error Rate

CADU Channel Access Data Unit

CASE Computer Aided Software Engineering

CCA Cloud Cover Assessment

CCB Configuration Control Board

CIS Centralized Information System

COTS Commercial Off-the-Shelf

CPU Central Processing Unit

CCSDS Consultative Committee on Space Data System

CLCW Command Link Control Word

CRC Cyclic Redundancy Check

CRUD Create, Retrieve, Update, Delete

CVCDU Coded VCDU

DAMT Distributed Application Monitor Tool

DAN Data Availability Notice

DBMS Database Management System

DD Data Dictionary

DDE Data Dictionary Entry

DDF Data Distribution Facility

DDL Data Definition Language

DFCB Landsat & System, Data Format Control Book

LPS DDS Review C-1 November 1995



DFD Data Flow Diagram

DPCP Distributed Process Control Program

DSI Delivered Source Instruction

DSN Deep Space Network

DSP Digital Signal Processing

DTA Data Transfer Acknowledgment

ECS EOSDIS Core System

EDC EROS Data Center

EDAC Error Detection and Correction

EDP Ephemeris Data Points

EOL End of Line

EOSDIS Earth Observation Data Information System

ER Entity Relationship

ERD Entity Relationship Diagram

EROS Earth Resources Observation System

ESMO Earth Science Mission Operations

ETM+ Enhanced Thematic Mapper Plus (instrument)

EPA Euler Parameters

FDDI Fiber Distributed Data Interface

FHS ERR First Half Scan Error

FTAM File Transfer Access and Management

FTP File Transfer Protocol

F&PR Functional and Performance Requirements

F&PS Functional and Performance Specification

GByte Gigabyte

GCI Geocentric Inertial

GHA Greenwich Hour Angle

GOTS Government Off-the-Shelf

GSFC Goddard Space Flight Center

GTSIM Generic Telemetry Simulator

GUI Graphical User Interface
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HDF Hierarchical Data Format

HDS Horizontal Display Shift

HWC Hardware Component

HWCI Hardware Configuration Item

IAS Image Assessment System

ICD Interface Control Document

ID Identification

IDD Interface Data Description

IDPS Image Data Processing Subsystem

IM Information Modeling

IMU Inertial Measurement Unit

IPD Information Processing Division

ISO International Organization for Standardization

Kbps kilobits per second

LAN Local Area Network

LCC life-cycle cost

LDTS LPS Data Transfer Subsystem

LGS Landsat 7 Ground Station

LPS Landsat 7 Data Processing System

LP DAAC Land Processes Distributed Active Archive Center

LRU Line Replaceable Unit

LZP Level Zero Processing

L0R Level Zero Reformatted

MACS Management and Control Subsystem

Mbps megabits per second

MFPS Major Frame Processing Subsystem

MSCD Mirror Scan Correction Data

MDT Mean Downtime

MJF Major Frame

MOC Mission Operations Center

MO&DSD Mission Operations and Data Systems Directorate
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MTBF mean time between failures

MTTR mean time to repair

MTTRes mean time to restore

NASA National Aeronautics and Space Administration

NCC Network Communication Center

NHB NASA Handbook

NCSA National Center for Supercomputing Applications

NMAS Martin Marietta Astro Space

NMOS Network Mission Operations Support

NOAA National Oceanic and Atmospheric Administration

PCD Payload Correction Data

PCDS PCD Subsystem

PN Pseudo-Random Processing

QA Quality Assurance

RAID Redundant Array of Inexpensive Devices

RAM Random Access Memory

RDCS Raw Data Capture Subsystem

RDPS Raw Data Processing Subsystem

RMA Reliability, Maintainability, and Availability

RMS Root, Mean, Square

RS Reed-Solomon (error detection and correction scheme)

RT real time

SCCS Source Code Control System

SCLF Search, Check, Lock, Flywheel

SCN DIR Scan Direction

SD System Design

SDL Storage Definition Language

SDS System Design Specification

SGI Silicon Graphics, Incorporated

SHS ERR Second Half Scan Error

SLDPF Spacelab Data Processing Facility
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SMP Systems Management Policy

SN Space Network

SQL Structured Query Language

SRR Software Requirements Review

SRS Software Requirements Specification

SSDM SEAS System Development Methodology

STDN Spaceflight Tracking and Data Network

SV Space Vehicle

SVR4 System V Release 4

SWCI Software Configuration Item

TBD To Be Defined/Determined

TBR To Be Resolved

TMD Telemetry Decommutation

UIL User Interface Language

USGS United States Geological Survey

UTC Universal Time Coordinated

VCDU Virtual Channel Data Unit

VCDU-ID VCDU Identifier

VCID Virtual Channel ID

VER Version Number

VME Versa Module European

WRS World wide Reference System

WWV Time Signal Radio Station with National Bureau of
Standards information
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